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Background:
Some trends and difficulties:

Rate of genetic gain in dryland crops is falling
eIrrigation water is becoming scarcer
More grain needed from semiarid environments

«Selecting for yield is difficult in highly variable
environments

sInadeguate connections between agronomy, pre-
breeding and breeding



Drought tolerance?

or

Productivity In water-limited
environments?

Measured as:
kg grain/ha per mm of water supply

or
$/ha per mm of water supply




Sources of agricultural
INnnovation

Bottom up?
Top down?
Technology transfer?



A common successful pattern:

Scaling down from the field then
back up again

emerging problems,
operational constraints,

observations,
inventions
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new options,
solutions,
new opportunities,

new concepts Passioura, Functional Plant Biology, 2010



Levels of organisation
Crop
Plant
Organ
Tissue
Cell
Organelle
Membrane
Molecules (proteins, metabolites..)

(Genes)
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Single gene transformations
What works?

Pest resistance v v

Single gene works on
outside influence

Herbicide resistance |V vV | ~

Grain quality v End product metabolism

Disease resistance |v? Getting close

Drought tolerance | *? | Depends on lifestyle, inner workings,
(water-limited yield) many feedbacks and interactions




Is drought tolerance a generic goal?

For a breeder: Yes
For an agronomist: No

Is there some common ground?



Breeder’s view:
Drought tolerance in wheat
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Agronomist’s view

Productivity in water-limited
environments

Measured as:
kg grain/ha per mm of water supply

or
$/ha per mm of water supply




Soil water at sowing

Growing-season
precipitation

Water Supply

Losses:
Net runoff
Deep drainage
Soil evaporation
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Soil water at sowing

Growing-season
precipitation

Losses:
Net runoff
Deep drainage
Soil evaporation

Some numbers
for wheat

Water Supply

—

Water not

Y extracted by

Water crop
transpired
Transpiration
< efficlioency 55 kg/ha.mm

A 4

Biomass
Harvest
index
Yield

N x kernel wt

Harvest index 0.40

— 22 kg/ha.mm



Yield (t/ha)

Water-limited yield potential of wheat
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Transpiration efficiency (biomass/water used)
IS robust — evaporative losses vary greatly
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Manageable components of water economy

Store more Summer weed control
water *Mulch
*Previous crop? (e.g. “pea” fallow)
More crop Early sowing with good establishment
water use sEarly ground cover, weed control
sLess root disease
eBetter root systems
sBetter nutrition
Optimal *Optimal balance of water use during season

harvest index

*Better mobilisation of stored carbohydrate

*Protect floral fertility (frost, heat, water deficits near
flowering)




Possible targets for prebreeding

Store more Summer weed control

water *Muich
*Previous crop? (e.g. “pea” fallow)

More crop Early sowing with good establishment
water use eEarly ground cover, weed control

L ess root disease

eBetter root systems

eBetter nutrition

Optimal *Optimal balance of water use during season
harvest index | *Better mobilisation of stored carbohydrate

*Protect floral fertility (frost, heat, water deficits near
flowering)




Prebreeding
Traits for improved performance under drought:

Trait Selection Molecular Best selection

environment | Markers method

Seedling Favourable Yes

establishment Phenotype and marker

Shoot vigour Favourable Yes Phenotype

Root vigour Favourable Yes Phenotype

Root length Favourable No Phenotype

Transpiration Favourable Yes Phenotype

efficiency

Stem Favourable Yes Phenotype

carbohydrates

Reduced tillering Favourable Yes Phenotype or marker

Glaucousness Favourable Yes Phenotype

Floret sterility Droughted (?) No Phenotype

Richard Richards,FPB

, 2010




Often 50% of potential yield is lost due to
evaporation of moisture from the soll surface.
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Genes responsible for embryo size and
leaf architecture are important




Increased root vigour / root length in wheat

QTLs on
chromosomes 1AS
and 1B found to be
important
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Grain number after drought at meiosis
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Current situation ( * means nearly there)

Trait Markers or Genes Cultivars
genomic regions| identified released
identified
Seedling Yes Yes *kk
establishment (height)
Shoot vigour Yes *
Root vigour Yes
Root length No
Transpiration Yes Yes
efficiency (5 cvs)
Stem carbohydrates Yes
Reduced tillering Yes * *
Glaucousness Yes * Yes
(4 cvs)
Floret sterility Yes

Richards 2012



Agronomic trends

More emphasis on:

« G*E*M Interactions — tailoring genotypes and
management to complement each other

 Tactical responses as a season unfolds
« Spatial analysis and management

sIncreasing the range of novel options
e.g.dual purpose crops:. grain and graze




Grazing vegetative wheat crops defers




The Biggest Challenges in Prebreeding:

Making the most of phenotyping in
controlled environments

sIncorporating targeted genes into
advanced adapted germplasm and
testing their worth

*|.e. getting germplasm developers into
phenomics facilities

emaintaining desirable “20%" traits In
commercial breeding populations



Connecting breeding, prebreeding,
and agronomy

*Create environments for breeders, prebreeders,
crop physiologists and agronomists to interact

*Create greater range of genotypes for different
agronomic environments



Good facllities for exploring G*E*M

Develop field phenotyping facilities for
demonstrating the breeding value of
specific traits

*Novel traits must be in adapted
genetic backgrounds

«Test with realistic crop management

*Essential to involve breeders, pre-
breeders and agronomists from the
beginning



Wilhelm Ludvig Johannsen

Johannsen, W. (1911) The genotype
conception of heredity. American
Naturalist 45 (531): 129-159
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